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Reference: 1) PLA-5534, R L. Anderson (PPL) to USNRC Document Control Desk, 
"Licensee Event Report (LER) 50-387/2002-006-0," dated October 15, 2002. 

Attached is a supplement to Reference 1. This supplement conveys the results of PPL's 
investigation into the failure of startup transformer ST-20. There were no consequences 
to the health and safety of the public as a result of this event. This Licensee Event Report 
contains no new commitments. 
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16. ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritten lines) 

At approximately 0230 hours on October 3, 2002, a fire occurred on Startup Transformer (ST) No. 20. 
The transformer fire was extinguished by the transformer's automatic deluge system. Unit 1 was in 
MODE 1 - Power Operation operating at 100% power and Unit 2 was in MODE 2 -Startup. Unit 2 was 
manually scrammed due to a loss of both Reactor Recirculation pumps. Unit 1 continued operation at 
100% power. The fire was extinguished quickly and caused no significant impact to adjacent systems 
or structures.  An Emergency Plan Unusual Event was declared at 0315 when it was determined that 
two explosions also occurred. The Unusual Event was terminated at 0552 on October 3, 2002. 
ST No. 20 was replaced and declared operable on October 10, 2002. This event was reported in 
LER 50-387/2002-006-00, PLA-5534 dated October 15, 2002. This supplement to that LER provides 
the final conclusions of PPL's investigation of the transformer failure. The conclusion of this 
investigation was that the root cause was an undetectable internal fault. This internal fault could have 
originated from several possible sources.  It was also determined that the primary and backup lockout 
relays did not actuate as expected during the event. The lockout relays provide electrical protection for 
the ST-20 Startup Transformer and function automatically to protect the transformer. The failure of the 
primary and backup lockout relays to actuate did not cause the event. Corrective actions have been 
developed and implemented with sufficient breadth to address the possible causes of both the 
transformer and the protective relay failures. No safety barriers were affected by this event. There were 
no consequences to the health and safety of the public as a result of this event. 
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EVENT DESCRIPTION 

At approximately 0230 hours on October 3, 2002, a fire occurred on Startup Transformer (ST) No. 20 
(EIIS Code: FK ). Unit 1 was in MODE 1 - Power.Operation operating at 100%.power and Unit 2 was 
in MODE 2 —Startup. -Unit 2 was manually scrammed due to a loss of both Reactor Recirculation (EIIS 
Code: AD) pumps. Unit 1 continued operation at 100% power. 

The fire brigade was immediately dispatched to ST No. 20 and off-site fire companies were called as a 
precautionary measure. The fire was extinguished by the transformer's automatic deluge system (EIIS 
Code: KP) and the offsite companies were not needed. Subsequently, the Control Room received 
information that led toa determination that the transformer fire may have been accompanied by 
explosions. Emergency Action Level (EAL) 14.1 provides criteria to declare an Unusual Event for an 
explosion inside the security protected area with no significant damage to other station facilities. There 
was no potential to damage safe shutdown equipment. The Unusual Event was declared at 0315 on 
October 3, 2002 and appropriate notifications were made. The Unusual 'Event was terminated at 0552. 

ST No. 20 was powering the Unit 2 reactor recirculation pumps when the event occurred. The 
transformer fault led to an isolation of this power supply and a Unit 2 shutdown was required since both 
reactor recirculation pumps tripped. A manual scram using the Reactor Protection system was utilized 
to complete this shutdown. Unit 2 was in MODE 2 — Startup at a reactor pressure of 435 psig and 
range 8 on the Intermediate Range Monitors (IRMs) (EIIS Code: IG). All control rods inserted and the 
shutdown was completed successfully. 

As a result of the failure of ST No. 20, one off-site power source for the station was not available. The 
remaining source of offsite power continued to be available via Startup Transformer (ST) No. 10 and 
provided power to each of the four 4.16 kV Engineered Safeguards System (ESS) (EIIS Code: EB) buses -
(A, B, C and D) for both Unit 1 and Unit 2 (8 total buses). LCOs were entered on Unit 1 and Unit 2. 
Compensatory measures were taken to reduce the potential for the loss on ST No. 10 and to ensure that 
equipment required to mitigate the consequences of a loss of ST No. 10 were maintained available. Unit 1 
continued to operate in MODE 1 — Power Operation. A number of Unit 1 systems were affected by the ST 
'No. 20 failure. These systems functioned as designed and were recovered as applicable per plant 
procedures. 

CAUSE OF EVENT 

An Event Review Team was assigned to investigate this event. The conclusion of this team was that 
the root cause of the ST-20 Startup Transformer failure was an undetectable internal fault. The 
transformer failure does not correspond to an end of life failure. No common mode type of failure has 
been identified. 

This internal fault could have originated from several possible sources. Determining the,specific 
-source has been complicated since the ST-20 Startup Transformer was re-energized two times after 
the first fault occurred. The attempted re-energizations caused additional damage. This circumstance 
makes it difficult to determine what damage occurred from the initial fault. 

NRC FORM 366A (7-2001) 
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CAUSE OF EVENT  (continued) 

In the team's judgment, the most likely cause of the first fault was a flashover between the H1 bushing 
.and the main tank on phase #1. There are also indications in the main transformer cabinet that a 
flashover may have occurred internal to the transformer. There is relaying data indicating the first two 
faults may have been outside the bushing current transformers. This data indicates that theie faults 
were external to the transformer tank. However; the team was unable to find any evidence of tracking 
on the external side of the H1,bushing. This lack :of evidence supports the team's judgment. Possible 
causes of failures internal to the transformer include one or a combination of the following: electrode 
condition, contamination of the oil, high dielectric'stress, and voltage transients. 

-Due to the nature of the failure and as a result of the evidence reviewed, the team was able to rule out 
failures caused by grid disturbances, excessive loading, transient loading, insulation at end of life, 
vibration fatigue, operating practices, maintenance practices, environmental conditions, and solar 
magnetic disturbances. The team did discover that the primary and backup lockout relays did not 
actuate as expected during the event. 

The lockout relays provide electrical protection for the ST-20 Startup Transformer. The relays are 
designed to function automatically to protect the transformer. The primary lockout relay actuates on 
high differential current or the closure of the high speed ground switch. The backup lockout relay 
actuates on transformer overcurrent, transformer neutral overvoltage, or a trip of the transformer's 
sudden pressure relay. 

The failure of the primary and backup lockout relays to actuate did not cause the event. Damage to the 
transformer had already occurred and would not have been prevented by proper operation of these 
relays. The Event Review Team identified several opportunities to learn from external operating 
experience on similar failures. In addition, an opportunity to identify the problem was missed in 
October, 2001 when a preventative maintenance step to operate the lockout relays was deleted from a 
work plan and not performed. 

In conjunction with the Event Review Team's investigation, an outside transformer expert performed a 
detailed onsite review of the failure of the transformer and witnessed the subsequent disassembly of 
the failed transformer. These reviews resulted in several recommendations to improve our transformer 
condition monitoring, for additional investigation actions, and for design reviews on ST-10 & ST-20. 

REPORTABILITY DETERMINATION/ASSESSMENT OF SAFETY CONSEQUENCES  

This report was submitted as a voluntary LER per the Susquehanna Steam Electric Station Emergency 
Plan Table 5.2 in that an Unusual Event was declared after an onsite explosion occurred on ST No. 20. 
In accordance with the guidance provided in Susquehanna Steam Electric Station Emergency Plan 
Table 5.2, this report was submitted October 15, 2002. This event was also determined to be 
reportable per 10CFR50.73(a)(2)(i)(A) for the completion of a Unit 2 shutdown required by the 
Technical Specifications and per 10CFR50.73(a)(2)(iv)(A) in that an unplanned actuation occurred 
when the Reactor Protection System (ENS Code: JC) was manually initiated for a reactor scram. 
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The loss of ST No. 20 reduced the station's available offsite power sources and resulted in a 72 hour 
limiting condition for operation (LCO) on Unit 1. A Notice of Enforcement Discretion (NOED) was 
requested and granted to allow Unit 1 to continue operation for a total of 7 days while ST No. 20 was �I 
replaced. Although enforcement discretion was granted, the operation of Unit 1 beyond the 72 hour LCO 
is a conditi6n prohibited by the Technical Specifications and is still reportable per 10CFR50.73(a)(2)(i)(B). 

The transformer is located adjacent to the Unit 2 Turbine Building. Neither the fire nor the explosions 
posed a potential danger to other equipMent required for safe shutdown. No safety barriers were 
affected by this event. The fire was extinguished quickly and caused no impact to systems required for 
safe shutdown. Since Unit 2 was shutdown with no adverse circumstances and Unit 1 was maintained 
in safe operation, there were no consequences to the health and safety of the public as a result of this 
event. 

CORRECTIVE ACTIONS 

ST No. 20 was replaced and declared operibie on October 10, 2002. In addition, several associated 
components were replaced. Prior to placing the new ST No. 20 Transformer in service, extensive 
testing was performed to ensure the new transformer was in satisfactory condition. 

ST No. 10 was replaced and declared operable on October 18, 2003. 

Additional corrective actions were identified as a result of an Event Review Team's review of the 
'ST No. 20 failure. Corrective actions have been developed and implemented with sufficient breadth to 
, address the possible causes of both the transformer and the protective relay failures. These corrective 
actions include the following: 

• Implemented appropriate recommendations from outside transformer expert and new transformer 
vendors: 

A detailed dielectric stress/strength analysis of the flashover region around the High Voltage 
Bushing was performed. This resulted in dielectric strength improvements in the design of both 
transformer replacements. 
Additional insulating boards were added in several locations to improve the dielectric strength. 
The design of the tertiary winding associated with the tap changer was made more robust. 
Surge suppressors were added to the tertiary winding to prevent a similar failure of the tap 
changer. 

• Identified other similar lockout relays. A systematic review of these lockout relays is in progress to 
ensure adequate relay exercising and to evaluate routine PM changes. 

• Strengthened the review and approval process for the deletion of steps in Preventive Maintenance 
Work Documents. 

NRC FORM 366A (7-2001) 
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ADDITIONAL INFORMATION  

Failed Component Information: Transformer - Startup Transformer ST-20 (0X104) 
Manufacturer — Federal Pacific Electric 
Model Number - OLTC 45MVA 60MVA 75MVA Power Transformer 

Lockout Relays — primary, 86A1-10401A; backup, 86A1-10401B 
ManufaCiurer — General Electric 
Model Number — GE Type HEA61 Right Angle Drive Manually Rest 

Notice of Enforcement Discretion: PLA-5533 dated 10/5/2002 

Past Similar .  Events: 

Previous Events with similar results, but with dissimilar causes: 

Docket No. 50-387 LER 84-034-00 - Phase-to-phase fault on 230kV line. 

Docket No. 50-388 LER 85-025-00 - Generator load reject, reactor scram. Lightning strike on.500 kV 
line caused logic relay failure. 

Docket No. 50-387 LER 88-006-00 - Generator load reject, reactor scram. Worker bumped 230 kV 
yard span protection relay. 

Docket No. 50-388 LER 88-010-00 - Generator load reject, reactor scram. Lightning strike on 500 kV 
line caused misoperation of ground fault relay. 

Docket No. 50-387 LER 89-027-00 - Generator load reject, reactor scram. Loss of electrical services 
to the 230 kV switchyard caused tripping of main distribution 
breakers resulting in the generator load reject. 

Docket No. 50-388 LER 90-002-00 - Generator load reject.reactor scram. Actuation of 500 kV line 
protective circuitry caused tripping of the main distribution 
breakers resulting in the generation load reject. 

Docket No. 50-388 LER 95-005-00 - Generator lOad reject, reactor scram. Actuation of 500 kV line 
protective circuitry caused tripping of the main distribution 
breakers resulting in the generation load reject. 

Docket No. 50-388 LER 99-003-00 - Generator load reject, reactor scram. Unit 2 "A" main transformer 
experienced a failure of a neutral bushina. 
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